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ABSTRACT 

Golf equipment having improved cut and shear resistance 
that includes a polyurea composition, preferably saturated, 
formed of a polyurea prepolymer and a curing agent, 
Wherein the polyurea prepolymer includes an isocyanate and 
a polyether amine, and Wherein the curing agent includes a 
hydroXy-terminated curing agent, amine-terminated curing 
agent, or a mixture thereof. 
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GOLF BALLS COMPRISING LIGHT STABLE 
MATERIALS AND METHODS OF MAKING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/466,434, ?led Dec. 17, 1999, 
noW pending, a continuation-in-part of US. patent applica 
tion Ser. No. 09/951,963, ?led Sep. 13, 2001, noW pending, 
and claims priority to US. Patent Provisional Application 
No. 60/401,047, ?led Aug. 6, 2002. The entire disclosures of 
these applications are incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] The invention relates to golf equipment including 
polyurea compositions. In particular, the present invention is 
directed to golf equipment including compositions formed 
from a polyurea prepolymer of polyether amine and isocy 
anate crosslinked With a curing agent, and methods for 
making same. Preferably, the components of the composi 
tion are saturated, i.e., substantially free of unsaturated 
carbon-carbon bonds or aromatic groups, to produce a light 
stable composition. 

BACKGROUND OF THE INVENTION 

[0003] Golf equipment, i.e., clubs and balls, are formed 
from a variety of compositions. For eXample, golf ball 
covers are formed from a variety of materials, including 
balata and ionomer resins. Balata is a natural or synthetic 
trans-polyisoprene rubber. Balata covered balls are favored 
by more highly skilled golfers because the softness of the 
cover alloWs the player to achieve spin rates suf?cient to 
more precisely control ball direction and distance, particu 
larly on shorter shots. 

[0004] HoWever, balata covered balls are easily damaged, 
and thus lack the durability required by the average golfer. 
Accordingly, alternative cover compositions have been 
developed in an attempt to provide balls With spin rates and 
a feel approaching those of balata covered balls, While also 
providing a golf ball With a higher durability and overall 
distance. 

[0005] Ionomer resins have, to a large eXtent, replaced 
balata as a cover material. Chemically, ionomer resins are a 
copolymer of an ole?n and an 0t, [3-ethylenically-unsaturated 
carboXylic acid having 10 to 90 percent of the carboXylic 
acid groups neutraliZed by a metal ion, as disclosed in US. 
Pat. No. 3,264,272. Commercially available ionomer resins 
include, for eXample, copolymers of ethylene and meth 
acrylic or acrylic acid, neutraliZed With metal salts. 
EXamples of commercially available ionomer resins include, 
but are not limited to, SURLYN® from DuPont de Nemours 
and Company, and ESCOR® and IOTEK® from EXXon 
Corporation. These ionomer resins are distinguished by the 
type of metal ion, the amount of acid, and the degree of 
neutraliZation. 

[0006] US. Pat. Nos. 3,454,280, 3,819,768, 4,323,247, 
4,526,375, 4,884,814, and 4,911,451 all relate to the use of 
SURLYN®-type compositions in golf ball covers. HoWever, 
While SURLYN® covered golf balls, as described in the 
preceding patent, possess virtually cut-proof covers, the spin 
and feel are inferior compared to balata covered balls. 
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[0007] Polyurethanes have also been recogniZed as useful 
materials for golf ball covers since about 1960. US. Pat. No. 
3,147,324 is directed to a method of making a golf ball 
having a polyurethane cover. The resulting golf balls are 
durable, While at the same time maintaining the “feel” of a 
balata ball. 

[0008] Various companies have investigated the useful 
ness of polyurethane as a golf ball cover material. US. Pat. 
No. 4,123,061 teaches a golf ball made from a polyurethane 
prepolymer formed of polyether With diisocyanate that is 
cured With either a polyol or an amine-type curing agent. 
US. Pat. No. 5,334,673 discloses the use of tWo categories 
of polyurethane available on the market, i.e., thermoset and 
thermoplastic polyurethanes, for forming golf ball covers 
and, in particular, thermoset polyurethane covered golf balls 
made from a composition of polyurethane prepolymer and a 
sloW-reacting amine curing agent, and/or a difunctional 
glycol. 
[0009] Unlike SURLYN® covered golf balls, polyure 
thane golf ball covers can be formulated to possess the soft 
“feel” of balata covered golf balls. HoWever, golf ball covers 
made from polyurethane have not, to date, fully matched 
SURLYN® golf balls With respect to resilience or the 
rebound of the golf ball cover, Which is a function of the 
initial velocity of a golf ball after impact With a golf club. 

[0010] Furthermore, because the polyurethanes used to 
make the covers of such golf balls generally contain an 
aromatic component, e.g., aromatic diisocyanate, polyol, or 
polyamine, they are susceptible to discoloration upon eXpo 
sure to light, particularly ultraviolet (UV) light. To sloW 
doWn the discoloration, light and UV stabiliZers, e.g., Tinu 
vin 770, 765, and 328, are added to these aromatic polymeric 
materials. HoWever, to further ensure that the covers formed 
from aromatic polyurethanes do not appear discolored, the 
covers are painted With White paint and then covered With a 
clear coat to maintain the White color of the golf ball. The 
application of a uniform White pigmented coat to the 
dimpled surface of the golf ball is a difficult process that 
adds time and costs to the manufacture of a golf ball. 

[0011] Polyureas have also been proposed as cover mate 
rials for golf balls. For instance, US. Pat. No. 5,484,870 
discloses a polyurea composition comprising the reaction 
product of an organic diisocyanate and an organic amine, 
each having at least tWo functional groups. Once these tWo 
ingredients are combined, the polyurea is formed, and thus 
the ability to vary the physical properties of the composition 
is limited. Like polyurethanes, polyureas are not completely 
comparable to SURLYN® golf balls With respect to resil 
ience or the rebound or damping behavior of the golf ball 
cover. 

[0012] Therefore, there remains a continuing need for golf 
equipment having soft components that provide improved 
resilience, increased cut, scratch and abrasion resistance, 
and enhanced adherence Without adversely affecting overall 
performance characteristics of the golf balls. In addition, it 
Would be advantageous to provide a composition that com 
bines the cut and scratch resistance With improved resistance 
to discoloration that are suitable for forming golf ball 
components and other golf-related equipment. 

SUMMARY OF THE INVENTION 

[0013] The invention is directed to golf equipment having 
at least a portion formed of a polyurea composition. In one 
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embodiment, the present invention is directed to one-piece 
golf balls including polyurea. In another embodiment, the 
compositions of the invention are used in tWo-piece and 
multi-component, e. g., three-piece, four-piece, etc. golf balls 
including at least one cover layer and a core, Wherein at least 
one cover layer includes at least one polyurea, as Well as 
multi-component golf balls including cores and/or covers 
having tWo or more layers, Wherein at least one such layer(s) 
is formed of at least one polyurea. 

[0014] More particularly, the present invention is directed, 
in a ?rst embodiment, toWards a golf ball including at least 
a cover and at least one core layer Wherein the cover is 
formed from a composition including at least one polyurea 
composition formed from a polyurea prepolymer of diiso 
cyanate and polyether amine cured With a curing agent. 

[0015] The present invention is further directed in a sec 
ond embodiment toWards a golf ball including a cover, a 
core and at least one intermediate layer interposed betWeen 
the cover and an outermost core layer, Wherein the interme 
diate layer is formed from a composition including a poly 
urea prepolymer of diisocyanate and polyether amine cured 
With a curing agent 

[0016] The present invention is yet further directed in a 
third embodiment toWards a golf ball including a cover, a 
core, and at least one intermediate layer interposed betWeen 
the cover and the core, Wherein the outermost cover layer 
and at least one intermediate layer are both formed from a 
polyurea composition including a polyurea prepolymer of 
diisocyanate and polyether amine cured With a curing agent. 

[0017] In the golf ball cover embodiment of the present 
invention, the polyurea preferably includes from about 1 to 
about 100 Weight percent of the cover, With the remainder of 
the cover, if any, including one or more compatible, resilient 
polymers such as Would be knoWn to one of ordinary skill 
in the art. 

[0018] The invention is further directed to a golf ball 
including at least one light stable cover layer formed from a 
composition including at least one polyurea formed from a 
polyurea prepolymer and a curing agent. In one embodi 
ment, the polyurea prepolymer includes at least one diiso 
cyanate and at least one polyether amine. 

[0019] In this aspect of the invention the diisocyanate is 
saturated, and selected from the group consisting of ethylene 
diisocyanate; propylene-1,2-diisocyanate; tetramethylene 
diisocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexam 
ethylene-diisocyanate; octamethylene diisocyanate; decam 
ethylene diisocyanate; 2,2,4-trimethylhexamethylene diiso 
cyanate; 2,4,4-trimethylhexamethylene diisocyanate; 
dodecane-1,12-diisocyanate; dicyclohexylmethane diisocy 
anate; cyclobutane-l,3-diisocyanate; cyclohexane-1,2-diiso 
cyanate; cyclohexane-1,3-diisocyanate; cyclohexane-1,4-di 
isocyanate; methylcyclohexylene diisocyanate; 2,4 
methylcyclohexane diisocyanate; 2,6-methylcyclohexane 
diisocyanate; 4,4‘-dicyclohexyl diisocyanate; 2,4‘-dicyclo 
hexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; isocy 
anatomethylcyclohexane isocyanate; 1-isocyanato-3,3,5-tri 
methyl-5-isocyanatomethylcyclohexane; 
isocyanatoethylcyclohexane isocyanate; bis(isocyanatom 
ethyl)-cyclohexane diisocyanate; 4,4‘-bis(isocyanatomethyl 
)dicyclohexane; 2,4‘-bis(isocyanatomethyl)dicyclohexane; 
isophoronediisocyanate; triisocyanate of HDI; triisocyanate 

May 22, 2003 

of 2,2,4-trimethyl-1,6-hexane diisocyanate; 4,4‘-dicyclo 
hexylmethane diisocyanate; 2,4-hexahydrotoluene diisocy 
anate; 2,6-hexahydrotoluene diisocyanate; and mixtures 
thereof. The saturated diisocyanate is preferably selected 
from the group consisting of isophoronediisocyanate, 4,4‘ 
dicyclohexylmethane diisocyanate, 1,6-hexamethylene 
diisocyanate, or a combination thereof. 

[0020] In another embodiment, the diisocyanate is an 
aromatic aliphatic isocyanate selected from the group con 
sisting of meta-tetramethylxylene diisocyanate; para-tetram 
ethylxylene diisocyanate; trimeriZed isocyanurate of poly 
isocyanate; dimeriZed uredione of polyisocyanate; modi?ed 
polyisocyanate; and mixtures thereof. 

[0021] The polyether amine may be selected from the 
group consisting of polytetramethylene ether diamines, 
polyoxypropylene diamines, poly(ethylene oxide capped 
oxypropylene)ether diamines, triethyleneglycoldiamines, 
propylene oxide-based triamines, trimethylolpropane-based 
triamines, glycerin-based triamines, and mixtures thereof. In 
one embodiment, the polyether amine has a molecular 
Weight of about 1000 to about 3000. 

[0022] The curing agent may be selected from the group 
consisting of hydroxy-terminated curing agents, amine-ter 
minated curing agents, and mixtures thereof, and preferably 
has a molecular Weight from about 250 to about 3900. 

[0023] In one embodiment, the hydroxy-terminated curing 
agents are selected from the group consisting of ethylene 
glycol; diethylene glycol; polyethylene glycol; propylene 
glycol; 2-methyl-1,3-propanediol; 2-methyl-1,4-butanediol; 
dipropylene glycol; polypropylene glycol; 1,2-butanediol; 
1,3-butanediol; 1,4-butanediol; 2,3-butanediol; 2,3-dim 
ethyl-2,3-butanediol; trimethylolpropane; cyclohexyldim 
ethylol; triisopropanolamine; tetra-(2-hydroxypropyl)-ethyl 
ene diamine; diethylene glycol di-(aminopropyl)ether; 1,5 
pentanediol; 1,6-hexanediol; 1,3-bis-(2 
hydroxyethoxy)cyclohexane; 1,4-cyclohexyldimethylol; 
1,3-bis-[2-(2-hydroxyethoxy)ethoxy]cyclohexane; 1,3-bis 
{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy}cyclohexane; trim 
ethylolpropane; polytetramethylene ether glycol, preferably 
having a molecular Weight from about 250 to about 3900; 
and mixtures thereof. 

[0024] The amine-terminated curing agents may be 
selected from the group consisting of ethylene diamine; 
hexamethylene diamine; 1-methyl-2,6-cyclohexyl diamine; 
tetrahydroxypropylene ethylene diamine; 2,2,4- and 2,4,4 
trimethyl-1,6-hexanediamine; 4,4‘-bis-(sec-butylamino)-di 
cyclohexylmethane; 1,4-bis-(sec-butylamino)-cyclohexane; 
1,2-bis-(sec-butylamino)-cyclohexane; derivatives of 4,4‘ 
bis-(sec-butylamino)-dicyclohexylmethane; 4,4‘-dicyclo 
hexylmethane diamine; 1,4-cyclohexane-bis-(methy 
lamine); 1,3-cyclohexane-bis-(methylamine); diethylene 
glycol di-(aminopropyl)ether; 2-methylpentamethylene-di 
amine; diaminocyclohexane; diethylene triamine; triethyl 
ene tetramine; tetraethylene pentamine; propylene diamine; 
1,3-diaminopropane; dimethylamino propylamine; diethy 
lamino propylamine; imido-bis-propylamine; monoethano 
lamine, diethanolamine; triethanolamine; monoisopropano 
lamine, diisopropanolamine; isophoronediamine; and 
mixtures thereof. 

[0025] In one embodiment, the composition further 
includes a catalyst selected from the group consisting of a 
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bismuth catalyst, Zinc octoate, di-butyltin dilaurate, di 
butyltin diacetate, tin (II) chloride, tin (IV) chloride, di 
butyltin dimethoxide, dimethyl-bis[1-oxonedecyl)oxy]stan 
nane, di-n-octyltin bis-isooctyl mercaptoacetate, 
triethylenediamine, triethylamine, tributylamine, oleic acid, 
acetic acid; delayed catalysts, and mixtures thereof. The 
catalyst may be present from about 0.005 percent to about 1 
percent by Weight of the composition. 

[0026] In another embodiment, the cover layer has a 
difference in yelloWness index of about 12 or less after 5 
days of ultraviolet light exposure. In yet another embodi 
ment, the cover layer has a difference in b chroma dimension 
of about 6 or less after 5 days of ultraviolet light exposure. 

[0027] In this aspect of the invention, the cover layer may 
be formed from casting, injection molding, or reaction 
injection molding. 

[0028] The present invention is also directed to a golf ball 
including a core, a layer disposed about the core forming a 
center, and a cover cast onto the center, Wherein the cover 
comprises a light stable polyurea material comprising at 
least a diisocyanate, at least a polyether amine, and at least 
one of a hydroxy-terminated curing agent, a amine-termi 
nated curing agent, or a mixture thereof. 

[0029] In one embodiment, the layer comprises ionomers, 
polyamides, highly neutraliZed polymers, polyesters, poly 
carbonates, polyimides, polyole?ns, acid copolymers, poly 
urethanes, vinyl resins, acrylic resins, polyphenylene oxide 
resins, metallocene catalyZed polymers, and mixtures 
thereof. In another embodiment, the layer is a moisture 
barrier layer. 

[0030] In yet another embodiment, the cover has a thick 
ness of about 0.02 inches to about 0.035 inches. In addition, 
the layer preferably has a ?rst Shore D hardness and the 
cover has a second Shore D hardness, Wherein the ratio of 
second Shore D hardness to the ?rst Shore D hardness is 
about 0.7 or less. 

[0031] The core may include polybutadiene and may have 
a diameter of about 1.55 or greater. In one embodiment, the 
core includes a cis-to-trans catalyst, a resilient polymer 
component, and a free radical source. The cis-to-trans cata 
lyst may include an organosulfur component, a Group VIA 
component, an inorganic sul?de component, an aromatic 
organic compound, or mixtures thereof. 

[0032] In one embodiment, at least one of the core, the 
layer, the cover, or combinations thereof comprise a density 
adjusting ?ller. 

[0033] The present invention is also directed to a method 
of forming a golf ball including the steps of providing a golf 
ball center, mixing a polyurea prepolymer and at least one 
curing agent to form a castable reactive polyurea liquid 
material, ?lling a ?rst set of mold halves With a ?rst amount 
of the material, loWering the center into the ?rst set of mold 
halves after a ?rst predetermined time, Wherein the center is 
held by vacuum for a second predetermined time, and 
Wherein the second predetermined time is sufficient for 
complete exothermic reaction of the ?rst amount of material, 
releasing the center from the vacuum providing a partially 
covered center, ?lling a second set of mold halves With a 
second amount of the material, Wherein the ?rst and second 
amounts are substantially similar, and Wherein an exother 
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mic reaction of the second amount commences, and mating 
the second set of mold halves With the partially covered 
center, Wherein the exothermic reaction of the second 
amount concludes. 

[0034] In one embodiment, the ?rst predetermined time is 
about 40 seconds to about 100 seconds. In another embodi 
ment, the second predetermined time is about 4 seconds to 
about 12 seconds. 

[0035] The polyurea prepolymer may include at least one 
diisocyanate and at least one polyether amine. In one 
embodiment, the step of mixing a polyurea prepolymer and 
at least one curing agent further includes mixing at least one 
triol or at least one tetraol, or mixtures thereof. In another 
embodiment, the step of mixing a polyurea prepolymer and 
at least one curing agent further includes mixing at least one 
catalyst, at least one light stabiliZer, at least one defoaming 
agent, at least one acid functionaliZed moiety, or combina 
tions thereof. 

[0036] In yet another embodiment, the step of providing a 
golf ball center includes the steps of providing a golf ball 
core and forming a layer disposed about the golf ball core. 
In still another embodiment, the golf ball core includes a 
polybutadiene reaction product, Wherein the core has a 
diameter of about 1.55 or greater, and Wherein the layer has 
a thickness of about 0.02 inches to about 0.035 inches. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Further features and advantages of the invention 
can be ascertained from the folloWing detailed description 
that is provided in connection With the draWing(s) described 
beloW: 

[0038] FIG. 1 is a cross-sectional vieW of a tWo-piece golf 
ball, Wherein the cover is formed from a composition 
including at least one polyurea; 

[0039] FIG. 2 is a cross-sectional vieW of a multi-com 
ponent golf ball, Wherein at least the cover is formed from 
a composition including at least one polyurea; 

[0040] FIG. 3 is a cross-sectional vieW of a multi-com 
ponent golf ball, Wherein the cover is formed from a 
composition including at least one polyurea and the inter 
mediate layer is formed from a composition including at 
least one ionomer resin; 

[0041] FIG. 4 is a cross-sectional vieW of a multi-com 
ponent golf ball including a core and a cover, Wherein the 
core is surrounded by a tensioned elastomeric material and 
the cover is formed from a composition including at least 
one polyurea; 

[0042] FIG. 5 is a cross-sectional vieW of a liquid center 
golf ball Wherein the liquid core is surrounded by a ten 
sioned elastomeric material and the cover is formed from a 
composition including at least one polyurea; 

[0043] FIG. 6 is a cross-sectional vieW of a multi-com 
ponent golf ball including a core, a thin inner cover layer, 
and a thin outer cover layer disposed thereon, Wherein the 
cover is formed from a composition including at least one 
polyurea; 
[0044] FIG. 7 is a cross-sectional vieW of a multi-com 
ponent golf ball including a core, an outer core layer, a thin 
inner cover layer, and a thin outer cover layer disposed 
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thereon, wherein the cover is formed from a composition 
including at least one polyurea; and 

[0045] FIG. 8 is a cross-sectional vieW of a multi-com 
ponent golf ball including a large core and a thin outer cover 
layer disposed thereon, Wherein the cover is formed from a 
composition including at least one polyurea. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The present invention contemplates improved 
compositions for use in golf equipment, such as golf balls, 
golf clubs, or the like. In particular, the compositions of the 
invention are polyurea-based and are included in a variety of 
golf ball constructions, i.e., one-piece, tWo-piece, or multi 
layer balls, as Well as golf club components, e.g., club head 
inserts. 

[0047] The compositions of the invention are preferably 
light stable, or saturated. Light stability may be accom 
plished in a variety of Ways for the purposes of this appli 
cation. For eXample, the compositions of the invention may 
include only saturated components, i.e., saturated prepoly 
mers and saturated curing agents, or include a light stabiliZer 
to improve light stability When using aromatic components. 

[0048] Polyurea Compositions 
[0049] Conventional aromatic polyurethane/urethane elas 
tomers and polyurethane/urea elastomers are generally pre 
pared by curing prepolymer of diisocyanate and polyol With 
at least one diol curing agent or at least one diamine curing 
agent, respectively. Without being bound to any particular 
theory, it is noW believed that substitution of the long chain 
polyol segment in the polyurethane prepolymer With a long 
chain polyether diamine oligomer soft segment (“polyether 
amine”) to form a polyurea prepolymer, improves shear, cut, 
and resiliency, as Well as adhesion to other components. 

[0050] For eXample, polyurea elastomeric compositions of 
the invention may be prepared from at least one isocyanate, 
at least one polyether amine, and at least one curing agent. 
Polyurea compositions are preferably prepared from at least 
one isocyanate, at least one polyether amine, and at least one 
diol curing agent and at least one diamine curing agent. The 
compositions of the invention may also be referred to as 
castable reactive liquid material in that the composition may 
used to cast a layer about an inner component, Which is 
described in more detail beloW. 

[0051] The polyurea compositions of this invention are 
formed With an isocyanate and polyether amine prepolymer 
crosslinked With a curing agent. The curing agent is prefer 
ably a secondary diamine curing agent. 

[0052] Any polyether amine available to one of ordinary 
skill in the art is suitable for use according to the invention. 
As used herein, “polyether amines” refer to at least poly 
oXyalkyleneamines containing primary amino groups 
attached to the terminus of a polyether backbone. Due to the 
rapid reaction of isocyanate and amine, and the insolubility 
of many urea products, hoWever, the selection of diamines 
and polyether amines is limited to those alloWing the suc 
cessful formation of the polyurea prepolymers. In one 
embodiment, the polyether backbone is based on tetrameth 
ylene, propylene, ethylene, trimethylolpropane, glycerin, 
and mixtures thereof. 
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[0053] Suitable polyether amines include, but are not 
limited to, polytetramethylene ether diamines, polyoXypro 
pylene diamines, poly(ethylene oXide capped oXypropyle 
ne)ether diamines, triethyleneglycoldiamines, propylene 
oXide-based triamines, trimethylolpropane-based triamines, 
glycerin-based triamines, and mixtures thereof. In one 
embodiment, the polyether amine used to form the prepoly 
mer is Jeffamine D2000 (manufactured by Huntsman Cor 
poration of Austin, TeX.). 
[0054] The molecular Weight of the polyether amine for 
use in the invention may range from about 100 to about 
5000. As used herein, the term “about” is used in connection 
With one or more numbers or numerical ranges, should be 

understood to refer to all such numbers, including all num 
bers in a range. In one embodiment, the polyether amine 
molecular Weight is about 230 or greater. In another embodi 
ment, the molecular Weight of the polyether amine is about 
4000 or less. In yet another embodiment, the molecular 
Weight of the polyether amine is about 600 or greater. In still 
another embodiment, the molecular Weight of the polyether 
amine is about 3000 or less. In yet another embodiment, the 
molecular Weight of the polyether amine is betWeen about 
1000 and about 3000, and more preferably is betWeen about 
1500 to about 2500. Because loWer molecular Weight poly 
ether amines may be prone to forming solid polyureas, a 
higher molecular Weight oligomer, such as Jeffamine 
D2000, is preferred. 

[0055] In one embodiment, the polyether amine has the 
generic structure: 

CH3 CH3 

[0056] Wherein the repeating unit X has a value ranging 
from about 1 to about 70. Even more preferably, the repeat 
ing unit may be from about 5 to about 50, and even more 
preferably is from about 12 to about 35. 

[0057] In another embodiment, the polyether amine has 
the generic structure: 

CH3 CH3 CH3 

[0058] Wherein the repeating units X and Z have combined 
values from about 3.6 to about 8 and the repeating unit y has 
a value ranging from about 9 to about 50, and Wherein R is 
—(CH2)a—, Where “a” may be a repeating unit ranging from 
about 1 to about 10. 

[0059] In yet another embodiment, the polyether amine 
has the generic structure: 

H2N—(R)—O—(R)—O—(R)—NH2 

[0060] Wherein R is —(CH2)a—, and “a” may be a repeat 
ing unit ranging from about 1 to about 10. 

[0061] As brie?y discussed above, many amines may be 
unsuitable for reaction With the isocyanate because of the 
rapid reaction betWeen the tWo components. In particular, 
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shorter chain amines are fast reacting. In one embodiment, 
however, a hindered secondary diamine may be suitable for 
use in the prepolymer. Without being bound to any particular 
theory, it is believed that an amine With a high level of 
stearic hindrance, e.g., a tertiary butyl group on the nitrogen 
atom, has a sloWer reaction rate than an amine With no 
hindrance or a loW level of hindrance. For example, 4,4‘ 
bis-(sec-butylamino)-dicyclohexylmethane (Clearlink 1000) 
may be suitable for use in combination With an isocyanate to 
form the polyurea prepolymer. 

[0062] Any isocyanate available to one of ordinary skill in 
the art is suitable for use according to the invention. Isocy 
anates for use With the present invention include aliphatic, 
cycloaliphatic, araliphatic, aromatic, any derivatives thereof, 
and combinations of these compounds having tWo or more 
isocyanate (NCO) groups per molecule. The isocyanates 
may be organic polyisocyanate-terminated prepolymers, loW 
free isocyanates, and mixtures thereof. The isocyanate 
containing reactable component may also include any iso 
cyanate-functional monomer, dimer, trimer, or multimeric 
adduct thereof, prepolymer, quasi-prepolymer, or mixtures 
thereof. Isocyanate-functional compounds may include 
monoisocyanates or polyisocyanates that include any isocy 
anate functionality of tWo or more. 

[0063] Suitable isocyanate-containing components 
include diisocyanates having the generic structure: 
O=C=N—R—N=C=O, Where R is preferably a cyclic, 
aromatic, or linear or branched hydrocarbon moiety con 
taining from about 1 to about 20 carbon atoms. The diiso 
cyanate may also contain one or more cyclic groups or one 
or more phenyl groups. When multiple cyclic or aromatic 
groups are present, linear and/or branched hydrocarbons 
containing from about 1 to about 10 carbon atoms can be 
present as spacers betWeen the cyclic or aromatic groups. In 
some cases, the cyclic or aromatic group(s) may be substi 
tuted at the 2-, 3-, and/or 4-positions, or at the ortho-, meta-, 
and/or para-positions, respectively. Substituted groups may 
include, but are not limited to, halogens, primary, secondary, 
or tertiary hydrocarbon groups, or a mixture thereof. 

[0064] Examples of diisocyanates that can be used With 
the present invention include, but are not limited to, substi 
tuted and isomeric mixtures including 2,2‘-, 2,4‘-, and 4,4‘ 
diphenylmethane diisocyanate (MDI); 3,3‘-dimethyl-4,4‘-bi 
phenylene diisocyanate (TODI); toluene diisocyanate (TDI); 
polymeric MDI; carbodiimide-modi?ed liquid 4,4‘-diphe 
nylmethane diisocyanate; para-phenylene diisocyanate 
(PPDI); meta-phenylene diisocyanate (MPDI); triphenyl 
methane-4,4‘- and triphenyl methane-4,4“-triisocyanate; 
naphthylene-1,5-diisocyanate; 2,4‘-, 4,4‘-, and 2,2-biphenyl 
diisocyanate; polyphenyl polymethylene polyisocyanate 
(PMDI); mixtures of MDI and PMDI; mixtures of PMDI 
and TDI; ethylene diisocyanate; propylene-1,2-diisocyan 
ate; tetramethylene-1,2-diisocyanate; tetramethylene-1,3-di 
isocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexameth 
ylene-diisocyanate (HDI); octamethylene diisocyanate; 
decamethylene diisocyanate; 2,2,4-trimethylhexamethylene 
diisocyanate; 2,4,4-trimethylhexamethylene diisocyanate; 
dodecane-1,12-diisocyanate; dicyclohexylmethane diisocy 
anate; cyclobutane-1,3-diisocyanate; cyclohexane-1,2-diiso 
cyanate; cyclohexane-1,3-diisocyanate; cyclohexane-1,4-di 
isocyanate; methyl-cyclohexylene diisocyanate (HTDI); 
2,4-methylcyclohexane diisocyanate; 2,6-methylcyclohex 
ane diisocyanate; 4,4‘-dicyclohexyl diisocyanate; 2,4‘-dicy 
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clohexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; iso 
cyanatomethylcyclohexane isocyanate; 1-isocyanato-3,3,5 
trimethyl-5-isocyanatomethylcyclohexane; 
isocyanatoethylcyclohexane isocyanate; bis(isocyanatom 
ethyl)-cyclohexane diisocyanate; 4,4‘-bis(isocyanatomethyl) 
dicyclohexane; 2,4‘-bis(isocyanatomethyl)dicyclohexane; 
isophorone diisocyanate (IPDI); triisocyanate of HDI; tri 
isocyanate of 2,2,4-trimethyl-1,6-hexane diisocyanate 
(TMDI); 4,4‘-dicyclohexylmethane diisocyanate (H12MDI); 
2,4-hexahydrotoluene diisocyanate; 2,6-hexahydrotoluene 
diisocyanate; 1,2-, 1,3-, and 1,4-phenylene diisocyanate; 
aromatic aliphatic isocyanate, such as 1,2-, 1,3-, and 1,4 
xylene diisocyanate; meta-tetramethylxylene diisocyanate 
(m-TMXDI); para-tetramethylxylene diisocyanate 
(p-TMXDI); trimeriZed isocyanurate of any polyisocyanate, 
such as isocyanurate of toluene diisocyanate, trimer of 
diphenylmethane diisocyanate, trimer of tetramethylxylene 
diisocyanate, isocyanurate of hexamethylene diisocyanate, 
and mixtures thereof; dimeriZed uredione of any polyisocy 
anate, such as uretdione of toluene diisocyanate, uretdione 
of hexamethylene diisocyanate, and mixtures thereof; modi 
?ed polyisocyanate derived from the above isocyanates and 
polyisocyanates; and mixtures thereof. 

[0065] The number of unreacted NCO groups in the 
polyurea prepolymer of isocyanate and polyether amine may 
be varied to control such factors as the speed of the reaction, 
the resultant hardness of the composition, and the like. For 
instance, the number of unreacted NCO groups in the 
polyurea prepolymer of isocyanate and polyether amine may 
be less than about 14 percent. In one embodiment, the 
polyurea prepolymer has from about 5 percent to about 11 
percent unreacted NCO groups, and even more preferably 
has from about 6 to about 9.5 percent unreacted NCO 
groups. In one embodiment, the percentage of unreacted 
NCO groups is about 3 percent to about 9 percent. Alterna 
tively, the percentage of unreacted NCO groups may be 
about 7.5 percent or less, and more preferably, about 7 
percent or less. In another embodiment, the unreacted NCO 
content is from about 2.5 percent to about 7.5 percent, and 
more preferably from about 4 percent to about 6.5 percent. 

[0066] The polyurea composition can be formed by 
crosslinking the polyurea prepolymer With a blend or mix 
ture of curing agents. Curatives for use With the present 
invention include, but are not limited to, hydroxy terminated 
curing agents, amine-terminated curing agents, and mixtures 
thereof. In one preferred embodiment, the curing agents are 
amine-terminated curing agents, and more preferably sec 
ondary diamine curing agents. If desired, hoWever, the 
polyurea composition may be formed With a single curing 
agent. Polyurea prepolymers cured With a secondary 
diamine With 1:1 stoichiometry in the absence of moisture 
are thermoplastic in nature, While thermoset polyurea com 
positions, on the other hand, are generally produced from a 
polyurea prepolymer cured With a primary diamine or poly 
functional glycol. 

[0067] Skilled artisians are aWare that the various proper 
ties of the golf ball and golf ball components, e.g., hardness, 
may be controlled by adjusting the ratio of prepolymer to 
curing agent, Which is a function of the NCO content of the 
prepolymer and molecular Weight of the curing agent. For 
example, the ratio of a polyurea prepolymer With 6 percent 
unreacted NCO groups cured With 1,4-butanediol is 15 .6:1, 
Whereas the ratio of the same prepolymer cured With 4,4‘ 
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bis-(sec-butylamino)-dicycloheXylmethane (Clearlink 1000) 
is 4.36:1. The ratio of prepolymer to curing agent for the 
purposes of this invention is preferably from about 0.5 :1 to 
about 16:1. 

[0068] The compositions of the present invention may be 
selected from among both castable thermoset and thermo 
plastic materials, Which is determined by the curing agent 
used to cure the prepolymer. For example, castable thermo 
plastic compositions of the invention include linear poly 
mers and are typically formed curing the prepolymer With a 
diol or secondary diamine. Thermoset compositions of the 
invention, on the other hand, are cross-linked polymers and 
are typically produced from the reaction of a diisocyanate 
and a polyol cured With a primary diamine or polyfunctional 
glycol. 

[0069] Both types of curing agents, i.e., hydroXy-termi 
nated and amine curatives, may include one or more satu 
rated, unsaturated, aromatic, and cyclic groups. Addition 
ally, the hydroXy-terminated and amine curatives may 
include one or more halogen groups. 

[0070] Additionally, the compositions of the present 
invention may be used to make thermoplastic pellets that can 
be molded onto the ball by other molding methods, such as 
by injection molding or compression molding. Theremplas 
tic or thermoset compositions of the present invention also 
may be formed around the core using reaction injection 
molding (RIM) techniques. 

[0071] Suitable hydroXy-terminated curing agents include, 
but are not limited to, ethylene glycol; diethylene glycol; 
polyethylene glycol; propylene glycol; 2-methyl-1,3-pro 
panediol; 2,-methyl-1,4-butanediol; dipropylene glycol; 
polypropylene glycol; 1,2-butanediol; 1,3-butanediol; 1,4 
butanediol; 2,3-butanediol; 2,3-dimethyl-2,3-butanediol; tri 
methylolpropane; cycloheXyldimethylol; triisopropanola 
mine; tetra-(2-hydroXypropyl)-ethylene diamine; diethylene 
glycol di-(aminopropyl)ether; 1,5-pentanediol; 1,6-heX 
anediol; 1,3-bis-(2-hydroXyethoXy)cycloheXane; 1,4-cyclo 
heXyldimethylol; 1,3-bis-[2-(2-hydroXyethoXy)ethoXy]cy 
cloheXane; 1 ,3 -bis- {2-[2-(2-hydroXyethoXy)ethoXy] 
ethoXy}cycloheXane; trimethylolpropane; 
polytetramethylene ether glycol; resorcinol-di-(beat-hy 
droXyethyl)ether and its derivatives; hydroquinone-di-(beta 
hydroXyethyl)ether and its derivatives; 1,3-bis-(2-hydroXy 
ethoXy)benZene; 1,3-bis-[2-(2-hydroXyethoXy)ethoXy] 
benZene; N,N-bis([3-hydroXypropyl)aniline; 2-propanol-1, 
1‘-phenylaminobis; and miXtures thereof. 

[0072] In one embodiment, the hydroXy-terminated curing 
agent has a molecular Weight of at least about 50. In another 
embodiment, the molecular Weight of the hydroXy-termi 
nated curing agent is about 2000 or less. In yet another 
embodiment, the hydroXy-terminated curing agent is poly 
tetramethylene ether glycol, Which preferably has a molecu 
lar Weight ranging from about 250 to about 3900. It should 
be understood that molecular Weight, as used herein, is the 
absolute Weight average molecular Weight and Would be 
understood as such by one of ordinary skill in the art. 

[0073] Suitable amine-terminated curing agents include, 
but are not limited to, ethylene diamine; heXamethylene 
diamine; 1-methyl-2,6-cycloheXyl diamine; tetrahydroX 
ypropylene ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1, 
6-heXanediamine; 4,4‘-bis-(sec-butylamino)-dicycloheXyl 
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methane; 1,4-bis-(sec-butylamino)-cycloheXane; 1,2-bis 
(sec-butylamino)-cycloheXane; derivatives of 4,4‘-bis-(sec 
butylamino)-dicycloheXylmethane; 4,4‘ 
dicycloheXylmethane diamine; 1,4-cycloheXane-bis 
(methylamine); 1,3-cycloheXane-bis-(methylamine); 
diethylene glycol di-(aminopropyl)ether; 2-methylpentam 
ethylene-diamine; diaminocycloheXane; diethylene tri 
amine; triethylene tetramine; tetraethylene pentamine; pro 
pylene diamine; 1,3-diaminopropane; dimethylamino 
propylamine; diethylamino propylamine; imido-bis-propy 
lamine; monoethanolamine, diethanolamine; triethanola 
mine; monoisopropanolamine, diisopropanolamine; iso 
phoronediamine; 4,4‘-methylenebis-(2-chloroaniline); 
3,5;dimethylthio-2,4-toluenediamine; 3,5;dimethylthio-2,6 
toluenediamine; 3,5;diethylthio-2,4-toluenediamine; 3,5;di 
ethylthio-2,6-toluenediamine; 4,4‘-bis-(sec-butylamino) 
diphenylmethane and derivatives thereof; 1,4-bis-(sec 
butylamino)-benZene; 1,2-bis-(sec-butylamino)-benZene; 
N,N‘-dialkylamino-diphenylmethane; trimethyleneglycol 
di-p-aminobenZoate; polytetramethyleneoXide-di-p-ami 
nobenZoate; 4,4‘-methylenebis-(3-chloro-2,6-diethylene 
aniline); 4,4‘-methylenebis-(2,6-diethylaniline); meta 
phenylenediamine; paraphenylenediamine; 
cycloheXyldimethol; and miXtures thereof. In one embodi 
ment, the amine-terminated curing agent is 4,4‘-bis-(sec 
butylamino)-dicycloheXylmethane. 

[0074] In one embodiment, the amine-terminated curing 
agent has a molecular Weight of about 64 or greater. In 
another embodiment, the molecular Weight of the amine 
curing agent is about 2000 or less. 

[0075] A catalyst may be employed to promote the reac 
tion betWeen the curing agent and the prepolymer. Suitable 
catalysts include, but are not limited to bismuth catalyst, 
Zinc octoate, tin catalysts such as di-butyltin dilaurate 
(DBACO®-T12 manufactured by Air Products and Chemi 
cals, Inc.); di-butyltin diacetate (DBACO®-T1); tin (II) 
chloride; tin (IV) chloride; di-butyltin dimethoXide (FAS 
CAT(®-4211); dimethyl-bis[1-oXonedecyl)oXy]stannane 
(FORMEZ® UL-28); di-n-octyltin bis-isooctyl mercaptoac 
etate (FORMEZ® UL-29); amine catalysts such as trieth 
ylenediamine (DBACO®-33LV), triethylamine, and tribu 
tylamine; organic acids such as oleic acid and acetic acid; 
delayed catalysts such as POLYCATTM SA-1, POLYCATTM 
SA-2, POLYCAT®, and the like; and miXtures thereof. In 
one embodiment, the catalyst is di-butyltin dilaurate. 

[0076] The catalyst is preferably added in an amount 
sufficient to catalyZe the reaction of the components in the 
reactive mixture. In one embodiment, the catalyst is present 
in an amount from about 0.001 percent to about 5 percent by 
Weight of the composition. For eXample, When using a tin 
catalyst, such as di-butyltin dilaurate, the catalyst is prefer 
ably present in an amount from about 0.005 percent to about 
1 percent. In another embodiment, the catalyst is present in 
an amount of about 0.05 Weight percent or greater. In 
another embodiment, the catalyst is present in an amount of 
about 0.5 Weight percent or greater. 

[0077] Use of loW levels of tin catalysts, typically from 
about 0 to about 0.04 Weight percent of the total polyurea 
composition, requires high temperatures to achieve a suit 
able reaction rate, Which may result in degradation of the 
polyurea prepolymer. Increasing the amount of catalysts to 
unconventional high levels enables the reduction in process 
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temperatures While retaining comparable cure stages. Use of 
the higher catalyst level also alloWs the mixing speeds to be 
reduced. Thus, in one embodiment, the tin catalyst is present 
in an amount from about 0.01 percent to about 0.55 percent 
by Weight of the composition. In another embodiment, about 
0.05 percent to about 0.4 percent of tin catalyst is present in 
the composition. In yet another embodiment, the tin catalyst 
is present in an amount from about 0.1 percent to about 0.25 
percent. 
[0078] A variety of additional components can also be 
added to the polyurea compositions of the present invention. 
These include, but are not limited to, White pigment such as 
TiO2, ZnO, optical brighteners, surfactants, processing aids, 
foaming agents, UV stabiliZers, and light stabiliZers. In one 
embodiment, the polyurea composition contains at least one 
light stabiliZing component to prevent signi?cant yelloWing 
from unsaturated components contained therein. The addi 
tion of a light stabiliZer may have some bene?t for these 
materials. The use of a light stabiliZer or UV absorber is 
preferred, for instance, for compositions having a difference 
in yelloWness (AY) of about 15 or greater. 

[0079] The use of light stabiliZing components also may 
assist in preventing cover surface fractures due to photode 
gredation. Suitable UV absorbers and light stabiliZers 
include, but are not limited to, TINUVIN® 292, TINUVIN® 
328, TINUVIN® 213, TINUVIN® 765, TINUVIN® 770 
and TINUVIN® 622. The preferred UV absorber for aro 
matic compounds is TINUVIN® 328, and the preferred 
hindered amine light stabiliZer is TINUVIN® 765. A pre 
ferred light stabiliZer for the saturated (aliphatic) compounds 
is TINUVIN® 292. TINUVIN® products are available from 
Ciba-Geigy. Dyes, as Well as optical brighteners and ?uo 
rescent pigments may also be included in the golf ball covers 
produced With polymers formed according to the present 
invention. Such additional ingredients may be added in any 
amounts that Will achieve their desired purpose. 

[0080] To further improve the shear resistance of the 
resulting polyurea elastomers, a trifunctional curing agent 
can be used to help improve cross-linking. For instance, 
hydroxy-terminated curing agents may be used. Preferably, 
a triol such as trimethylolpropane or a tetraol such as 
N,N,N‘,N‘-tetrakis(2-hydroxylpropyl)ethylenediamine may 
be added to the formulations. 

[0081] Saturated Polyurea Compositions 
[0082] In addition, it has been discovered that the use of 
the polyether amine in place of the more traditional polyol, 
combined With a saturated isocyanate and a saturated curing 
agent in place of their aromatic counterparts, confers light 
stability to the compositions and the resultant golf equip 
ment, as Well as improved shear resistance and resiliency. 
The term “saturated,” as used herein, refers to compositions 
having saturated aliphatic and alicyclic polymer backbones, 
i.e., With no carbon-carbon double bonds. 

[0083] Thus, one embodiment of the present invention is 
directed to saturated polyurea compositions for use in golf 
equipment, and in particular, golf balls, Wherein the satu 
rated prepolymer is a product formed by a reaction betWeen 
at least one polyether amine and at least one saturated 
diisocyanate. The polyether amines listed above are also 
suitable for use in the saturated prepolymers. The prepoly 
mers are then cured With at least one diol or diamine curing 
agent to provide polyurea/urethane or polyurea/urea elas 
tomers, respectively. 
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[0084] Examples of saturated diisocyanates that can be 
used With the present invention include, but are not limited 
to, ethylene diisocyanate; propylene-1,2-diisocyanate; tet 
ramethylene diisocyanate; tetramethylene-1,4-diisocyanate; 
1,6-hexamethylene-diisocyanate (HDI); octamethylene 
diisocyanate; decamethylene diisocyanate; 2,2,4-trimethyl 
hexamethylene diisocyanate; 2,4,4-trimethylhexamethylene 
diisocyanate; dodecane-1,12-diisocyanate; dicyclohexyl 
methane diisocyanate; cyclobutane-1,3-diisocyanate; cyclo 
hexane-1,2-diisocyanate; cyclohexane-1,3-diisocyanate; 
cyclohexane-1,4-diisocyanate; methyl-cyclohexylene diiso 
cyanate (HTDI); 2,4-methylcyclohexane diisocyanate; 2,6 
methylcyclohexane diisocyanate; 4,4‘-dicyclohexyl diisocy 
anate; 2,4‘-dicyclohexyl diisocyanate; 1,3,5-cyclohexane 
triisocyanate; isocyanatomethylcyclohexane isocyanate; 
1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohex 
ane; isocyanatoethylcyclohexane isocyanate; bis(isocy 
anatomethyl)-cyclohexane diisocyanate; 4,4‘-bis(isocy 
anatomethyl) dicyclohexane; 2,4‘ 
bis(isocyanatomethyl)dicyclohexane; isophorone 
diisocyanate (IPDI); triisocyanate of HDI; triisocyanate of 
2,2,4-trimethyl-1,6-hexane diisocyanate (TMDI); 4,4‘-dicy 
clohexylmethane diisocyanate (H12MDI); 2,4-hexahydro 
toluene diisocyanate; 2,6-hexahydrotoluene diisocyanate; 
and mixtures thereof. Aromatic aliphatic isocyanates may 
also be used to form light stable materials. Examples of such 
isocyanates include 1,2-, 1,3-, and 1,4-xylene diisocyanate; 
meta-tetramethylxylene diisocyanate (m-TMXDI); para-tet 
ramethylxylene diisocyanate (p-TMXDI); trimeriZed iso 
cyanurate of any polyisocyanate, such as isocyanurate of 
toluene diisocyanate, trimer of diphenylmethane diisocyan 
ate, trimer of tetramethylxylene diisocyanate, isocyanurate 
of hexamethylene diisocyanate, and mixtures thereof; 
dimeriZed uredione of any polyisocyanate, such as uretdione 
of toluene diisocyanate, uretdione of hexamethylene diiso 
cyanate, and mixtures thereof; modi?ed polyisocyanate 
derived from the above isocyanates and polyisocyanates; 
and mixtures thereof. In addition, the aromatic aliphatic 
isocyanates may be mixed With any of the saturated isocy 
anates listed above for the purposes of this invention. 

[0085] The saturated polyurea composition can be formed 
With a blend or mixture of curing agents. Saturated curatives 
for use With the present invention include, but are not limited 
to, hydroxy-terminated curing agents, amine-terminated cur 
ing agents, and mixtures thereof. If desired, hoWever, the 
polyurea composition may be formed With a single curing 
agent. As discussed, the polyurea prepolymers cured With a 
diol or secondary diamine With 1:1 stoichiometry in the 
absence of moisture are thermoplastic in nature. Thermoset 
polyureas, on the other hand, are generally produced from a 
polyurea prepolymer cured With a primary diamine or poly 
functional glycol. 

[0086] Suitable saturated hydroxy-terminated curing 
agents include, but are not limited to, ethylene glycol; 
diethylene glycol; polyethylene glycol; propylene glycol; 
2-methyl-1,3-propanediol; 2,-methyl-1,4-butanediol; dipro 
pylene glycol; polypropylene glycol; 1,2-butanediol; 1,3 
butanediol; 1,4-butanediol; 2,3-butanediol; 2,3-dimethyl-2, 
3-butanediol; trimethylolpropane; cyclohexyldimethylol; 
triisopropanolamine; tetra-(2-hydroxypropyl)-ethylene 
diamine; diethylene glycol di-(aminopropyl)ether; 1,5-pen 
tanediol; 1,6-hexanediol; 1,3-bis-(2-hydroxyethoxy)cyclo 
hexane; 1,4-cyclohexyldimethylol; 1,3-bis-[2-(2-hydroxy 
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ethoxy)ethoxy]cyclohexane; 1,3-bis-{2-[2-(2-hydroxy 
ethoxy)ethoxy]ethoxy}cyclohexane; trimethylolpropane; 
polytetramethylene ether glycol having molecular Weight 
ranging from about 250 to about 3900; and mixtures thereof. 
In one embodiment, the hydroxy-terminated curing agent 
has a molecular Weight of at least 50. In another embodi 
ment, the molecular Weight of the hydroxy-terminated cur 
ing agent is about 2000 or less. 

[0087] Suitable saturated amine-terminated curing agents 
include, but are not limited to, ethylene diamine; hexameth 
ylene diamine; 1-methyl-2,6-cyclohexyl diamine; tetrahy 
droxypropylene ethylene diamine; 2,2,4- and 2,4,4-trim 
ethyl-1,6-hexanediamine; 4,4‘-bis-(sec-butylamino) 
dicyclohexylmethane; 1,4-bis-(sec-butylamino) 
cyclohexane; 1,2-bis-(sec-butylamino)-cyclohexane; 
derivatives of 4,4‘-bis-(sec-butylamino)-dicyclohexyl 
methane; 4,4‘-dicyclohexylmethane diamine; 1,4-cyclohex 
ane-bis-(methylamine); 1,3-cyclohexane-bis-(methy 
lamine); diethylene glycol di-(aminopropyl)ether; 
2-methylpentamethylene-diamine; diaminocyclohexane; 
diethylene triamine; triethylene tetramine; tetraethylene 
pentamine; propylene diamine; 1,3-diaminopropane; dim 
ethylamino propylamine; diethylamino propylamine; imido 
bis-propylamine; monoethanolamine, diethanolamine; tri 
ethanolamine; monoisopropanolamine, diisopropanolamine; 
isophoronediamine; and mixtures thereof. In one embodi 
ment, the amine-curing agent has molecular Weights of 
about 64 or greater. In another embodiment, the molecular 
Weight of the amine-curing agent is about 2000 or less. In 
addition, any of the polyether amines listed above may be 
used as curing agents to react With the polyurea prepoly 
mers. 

[0088] The saturated polyether amine may be blended 
With additional polyols to formulate copolymers that are 
reacted With excess isocyanate to form the polyurea pre 
polymer. In one embodiment, less than about 30 percent 
polyol by Weight of the copolymer is blended With the 
saturated polyether amine. In another embodiment, less than 
about 20 percent polyol by Weight of the copolymer, pref 
erably less than about 15 percent by Weight of the copoly 
mer, is blended With the saturated polyether amine. Any 
saturated polyol available to one of ordinary skill in the art, 
e.g., polyether polyols, polycaprolactone polyols, polyester 
polyols, polycarbonate polyols, hydrocarbon polyols, other 
polyols, and mixtures thereof, is suitable for blending 
according to the invention. The molecular Weight of these 
polymers may be from about 200 to about 4000, but also 
may be from about 1000 to about 3000, and more preferably 
are from about 1500 to about 2500. 

[0089] Suitable saturated polyether polyols for blending 
With the polyurea prepolymer include, but are not limited to, 
polytetramethylene ether glycol (PTMEG); PTG-L; poly 
(oxyethylene)glycol; poly(oxypropylene)glycol; poly(ethyl 
ene oxide capped oxypropylene)glycol; and mixtures 
thereof. 

[0090] Saturated polycaprolactone polyols include, but 
not limited to, diethylene glycol initiated polycaprolactone; 
propylene glycol initiated polycaprolactone; 1,4-butanediol 
initiated polycaprolactone; trimethylol propane initiated 
polycaprolactone; neopentyl glycol initiated polycaprolac 
tone; 1,6-hexanediol initiated polycaprolactone; polytetram 
ethylene ether glycol (PTMEG) initiated polycaprolactone; 
and mixtures thereof. 

May 22, 2003 

[0091] Suitable saturated polyester polyols include, but 
not limited to, polyethylene adipate glycol; polyethylene 
propylene adipate glycol; polybutylene adipate glycol; poly 
ethylene butylene adipate glycol; polyhexamethylene adi 
pate glycol; polyhexamethylene butylene adipate glycol; 
and mixtures thereof. 

[0092] Examples of polycarbonate polyols that may be 
used With the present invention include, but are not limited 
to, poly(phthalate carbonate)glycol, poly(hexamethylene 
carbonate)glycol, polycarbonate polyols containing bisphe 
nol A, and mixtures thereof. 

[0093] Hydrocarbon polyols include, but not limited to, 
hydroxy-terminated liquid isoprene rubber (LIR), hydroxy 
terminated polybutadiene polyol, and mixtures thereof. 

[0094] Other aliphatic polyols that may be used to form 
the prepolymer of the invention include, but not limited to, 
glycerols; castor oil and its derivatives; saturated hydroxy 
terminated hydrocarbon polyols; Polytail H; Polytail HA; 
Kraton polyols; acrylic polyols; acid functionaliZed polyols 
based on a carboxylic, sulfonic, or phosphoric acid group; 
dimer alcohols converted from the saturated dimeriZed fatty 
acid; and mixtures thereof. 

[0095] As discussed above, a catalyst may be employed to 
promote the reaction betWeen the saturated curing agent and 
the saturated prepolymer. The catalysts listed above are 
suitable for use With the saturated compositions of the 
invention. 

[0096] Saturated polyureas are resistant to discoloration. 
HoWever, they are not immune to deterioration in their 
mechanical properties upon Weathering. Addition of UV 
absorbers and light stabiliZers to any of the above polyurea 
compositions may help to maintain the tensile strength, 
elongation, and color stability. Thus, suitable UV absorbers 
and light stabiliZers, as listed above, may also be included in 
the saturated compositions of the invention. Preferably, 
these ingredients are added to compositions having a dif 
ference in yelloWness of about 15 or more, but also may be 
added to compositions having a difference in yelloWness of 
from about 12 to about 15. 

[0097] Composition Blends 

[0098] The polyurea compositions preferably include 
from about 1 percent to about 100 percent polyurea, hoW 
ever, the polyurea compositions may be blended With other 
materials. In one embodiment, the composition contains 
about 10 percent to about 90 percent polyurea, preferably 
from about 10 percent to about 75 percent polyurea, and 
contains about 90 percent to 10 percent, more preferably 
from about 90 percent to about 25 percent other polymers 
and/or other materials as described beloW. 

[0099] Other polymeric materials suitable for blending 
With the compositions of the invention include castable 
thermoplastic or thermoset polyurethanes, cationic and 
anionic urethane ionomers and urethane epoxies, polyure 
thane/polyurea ionomers, epoxy resins, polyethylenes, 
polyamides and polyesters, polycarbonates, polyacrylin, and 
mixtures thereof. Examples of suitable urethane ionomers 
are disclosed in US. Pat. No. 5,692,974, the disclosure of 
Which is hereby incorporated by reference in its entirety. 
Other examples of suitable polyurethanes are described in 
US. Pat. No. 5,334,673, the entire disclosure of Which is 
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incorporated by reference herein. Examples of suitable poly 
ureas used to form the polyurea ionomer listed above are 
discussed in US. Pat. No. 5,484,870. In particular, the 
polyureas of US. Pat. No. 5,484,870 are prepared by 
reacting a polyisocyanate and a polyamine curing agent to 
yield polyurea, Which are distinct from the polyureas of the 
present invention Which are formed from a polyurea pre 
polymer and curing agent. Examples of suitable polyure 
thanes cured With epoxy group containing curing agents are 
disclosed in US. Pat. No. 5,908,358. The disclosures of the 
above patents are incorporated herein by reference in their 
entirety. These examples are intended to be non-limiting 
examples of blends to be used With the present invention. 

[0100] For example, the polyurea composition of the 
invention may be blended With a polyurethane. Polyure 
thanes suitable for use in the invention are the product of a 
reaction betWeen at least one polyurethane prepolymer and 
at least one curing agent. The polyurethanes used in the 
compositions of the present invention may be selected from 
among both castable thermoset and thermoplastic polyure 
thanes. Thermoplastic polyurethanes are linear polymers 
and are typically formed from the reaction of a diisocyanate 
and a polyol cured With a diol or a secondary diamine With 
1:1 stoichiometry in the absence of moisture. Thermoset 
polyurethanes, on the other hand, are cross-linked polymers 
and are typically produced from the reaction of a diisocy 
anate and a polyol cured With a primary diamine or poly 
functional glycol. 

[0101] As mentioned above, the main difference betWeen 
the polyurea compositions of the invention and a polyure 
thane composition is the substitution of the polyether amine 
into the prepolymer. Thus, any of the isocyanates and curing 
agents listed above With respect to the polyurea composi 
tions are suitable for use according to the invention. In 
addition, any polyol available to one of ordinary skill in the 
art, e.g., polyether polyols, polycaprolactone polyols, poly 
ester polyols, polycarbonate polyols, hydrocarbon polyols, 
other polyols, and mixtures thereof, is suitable for the 
polyurethane prepolymer. 

[0102] In one embodiment, a saturated polyurea compo 
sition is blended With a saturated polyurethane formed from 
a saturated prepolymer of a saturated isocyanate and a 
saturated polyol and cured With a saturated curing agent. 
Any of the saturated isocyanates and saturated curing agents 
listed above With respect to the saturated polyurea compo 
sitions are suitable for use in a saturated polyurethane 
composition. 

[0103] Any saturated polyol available to one of ordinary 
skill in the art is suitable for use in the saturated polyure 
thane prepolymers. Exemplary polyols include, but are not 
limited to, polyether polyols, polycaprolactone polyols, 
polyester polyols, polycarbonate polyols, hydrocarbon poly 
ols, and mixtures thereof. 

[0104] Suitable saturated polyether polyols for use in the 
saturated polyurethane prepolymers include, but are not 
limited to, polytetramethylene ether glycol (PTMEG); PTG 
L; poly(oxyethylene)glycol; poly(oxypropylene)glycol; 
poly(ethylene oxide capped oxypropylene)glycol; and mix 
tures thereof. 

[0105] Saturated polycaprolactone polyols include, but 
not limited to, diethylene glycol initiated polycaprolactone; 
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propylene glycol initiated polycaprolactone; 1,4-butanediol 
initiated polycaprolactone; trimethylol propane initiated 
polycaprolactone; neopentyl glycol initiated polycaprolac 
tone; 1,6-hexanediol initiated polycaprolactone; polytetram 
ethylene ether glycol (PTMEG) initiated polycaprolactone; 
and mixtures thereof. 

[0106] Suitable saturated polyester polyols include, but 
not limited to, polyethylene adipate glycol; polyethylene 
propylene adipate glycol; polybutylene adipate glycol; poly 
ethylene butylene adipate glycol; polyhexamethylene adi 
pate glycol; polyhexamethylene butylene adipate glycol; 
and mixtures thereof. An example of a polycarbonate polyol 
that may be used With the present invention includes, but is 
not limited to, poly(hexamethylene carbonate) glycol. 

[0107] Hydrocarbon polyols include, but not limited to, 
hydroxy-terminated liquid isoprene rubber (LIR), hydroxy 
terminated polybutadiene polyol, saturated hydroxy-termi 
nated hydrocarbon polyols, and mixtures thereof. 

[0108] Other aliphatic polyols that may be used to form 
the prepolymer of the invention include, but not limited to, 
glycerols; castor oil and its derivatives; Kraton polyols; 
acrylic polyols; acid functionaliZed polyols based on a 
carboxylic, sulfonic, or phosphoric acid group; dimer alco 
hols converted from the saturated dimeriZed fatty acid; and 
mixtures thereof. 

[0109] As discussed above, a catalyst may be employed to 
promote the reaction betWeen the curing agent and the 
isocyanate and polyol. Any of the catalysts listed above With 
respect to the polyurea compositions are also suitable for use 
With the polyurethane compositions. 

[0110] In addition, prior to blending With the polyurea 
compositions, the polyurethanes may also be blended With 
other materials such as ionic or non-ionic polyurethanes, 
cationic and anionic urethane ionomers and urethane 
epoxies, epoxy resins, polyethylenes, polyamides and poly 
esters, ionic and non-ionic polyureas, and mixtures thereof. 
When blended With other materials, the polyurethane com 
position preferably contains from about 90 percent to about 
10 percent, more preferably from about 90 percent to about 
25 percent, of one or more other polymers and/or other 
materials as described above. 

[0111] Acid FunctionaliZation of Compositions 

[0112] The present invention also contemplates the acid 
functionaliZation of the polyurea and polyurethane compo 
sitions of the invention as disclosed in US. patent applica 
tion Ser. No. 10/072,395, ?led on Feb. 5, 2002, entitled 
“Golf Ball Compositions Comprising a Novel Acid Func 
tional Polyurethane, Polyurea, or Copolymer Thereof”, 
Which is incorporated by reference herein in its entirety. 
Without being bound to any particular theory, it is believed 
that polyurea and polyurethanes including acid functional 
moieties or groups have improved adhesion to other com 
ponents or layers. The acid functional group is preferably 
based on a sulfonic group (HSO3), carboxylic group 
(HCOZ), phosphoric acid group (H2PO3), or a combination 
thereof. More than one type of acid functional group may be 
incorporated into the polyurea or polyurethane. 

[0113] In one embodiment, the acid functional polyurea or 
polyurethane is prepared from a prepolymer having acid 
functional moieties. The acid group(s) may be incorporated 
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onto the isocyanate moiety, or polyether amine or polyol 
component of the polyurea or polyurethane, respectively. 

[0114] The acid functional polyols disclosed in detail in 
US. Pat. Nos. 5,661,207 and 6,103,822, along With reagents 
and methods used to derive such acid functional polyols, the 
disclosures of Which are incorporated herein by reference in 
their entirety are suitable When using an acid functional 
polyurethane composition. In one embodiment, acid func 
tional polyols for use in a polyurethane prepolymer includes 
carboXylated, sulfonated, or phosphonated derivatives of 
polyester polyols. Suitable acid functional polyols may have 
an acid number (calculated by dividing acid equivalent 
Weight to 5 6,100) of at least about 10, preferably from about 
20 to about 420, more preferably from about 25 to about 
150, and most preferably from about 30 to about 75. In 
addition, the hydroXyl number (calculated by dividing 
hydroXyl equivalent number to 56,100) of the polyols may 
be at least about 10, preferably from about 20 to about 840, 
and more preferably from about 20 to about 175, and most 
preferably from about 50 to about 150. The polyols may also 
have a hydroXyl functionality (average number of hydroXyl 
groups per polyol molecule) of at least about 1.8, preferably 
from about 2 to about 4. 

[0115] Alternatively, the acid functional group can also be 
attached to the isocyanate or isocyanate component of the 
polyurea or polyurethane. Suitable acid functional isocyan 
ates include conventional isocyanates having an acid func 
tional group that may be formed by reacting a isocyanate and 
an acid functional group containing compound as described 
in US. Pat. Nos. 4,956,438 and 5,071,578, the disclosures of 
Which are incorporated herein by reference in their entirety. 

[0116] In another embodiment, the acid group(s) is incor 
porated during a post-polymerization reaction, Wherein the 
acid functional group(s) is introduced or attached to the 
polyurea or polyurethane. Moreover, the acid functional 
polyurea or polyurethanes made by Way of copolymeriZation 
as described above may be further incorporated With addi 
tional acid functional groups through such post-polymeriZa 
tion reactions. Suitable agents to incorporate acid functional 
groups onto the polyurea or polyurethane and methods for 
making are described in US. Pat. No. 6,207,784, the entire 
disclosure of Which is incorporated by reference herein. 

[0117] One of ordinary skill in the art Would be aWare of 
other Ways to prepare the acid functional polyurea or poly 
urethane. For example, a combination of the embodiments 
described above may be used as described in US. Pat. No. 
5,661,207, the disclosure of Which is incorporated by ref 
erence in its entirety herein. 

[0118] The acid functional polyurea or polyurethanes may 
be partially or fully neutraliZed With an organic or an 
inorganic metal base and/or a tertiary amine to produce 
anionic polyurethanes/polyurea ionomers. The base may be 
added either during preparation of the prepolymer, as a 
separate neutraliZation step on the already polymeriZed acid 
functional polyurea or polyurethane, or during dispersion of 
the polyurea or polyurethane. The base may be added at any 
of these stages, or, if the stages occur simultaneously, the 
base is present throughout all stages. 

[0119] Suitable metal bases used for partial or total neu 
traliZation may include compounds such as metal oXides, 
metal hydroxides, metal carbonates, metal bicarbonates and 
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metal acetates. The metal ions may include, but are not be 
limited to, Group IA, IB, IIA, IIB, IIIA, IIIB, IVA, IVB, VA, 
VB, VIA, VIB, VIIB and VIIIB metal ions. Preferred 
metallic ions of such bases include lithium, sodium, potas 
sium, magnesium, Zinc, calcium, manganese, aluminum, 
tungsten, Zirconium, titanium and hafnium. The amines are 
preferably hindered organic tertiary amines such as tributy 
lamine, triethylamine, triethylene diamine, dimethyl cety 
lamine and similar compounds. Primary or secondary 
amines may be used, preferably only if the neutraliZation 
step takes place after the polymer is formed, because the 
amine hydrogen Will readily react With the isocyanate 
groups thereby interfering With the polyurea or polyurethane 
polymeriZation. One of ordinary skill in the art is aWare of 
additional appropriate chemicals for neutraliZation. 

[0120] Golf Ball Core Layer(s) 
[0121] The cores of the golf balls formed according to the 
invention may be solid, semi-solid, holloW, ?uid-?lled or 
poWder-?lled, one-piece or multi-component cores. The 
term “semi-solid” as used herein refers to a paste, a gel, or 
the like. Any core material knoWn to one of ordinary skill in 
that art is suitable for use in the golf balls of the invention. 
Suitable core materials include thermoset materials, such as 
rubber, styrene butadiene, polybutadiene, isoprene, polyiso 
prene, trans-isoprene, as Well as thermoplastics such as 
ionomer resins, polyamides or polyesters, and thermoplastic 
and thermoset polyurethane elastomers. As mentioned 
above, the polyurea compositions of the present invention 
may also be incorporated into any component of a golf ball, 
including the core. 

[0122] In one embodiment, the golf ball core is formed 
from a composition including a base rubber (natural, syn 
thetic, or a combination thereof), a crosslinking agent, and 
a ?ller. In another embodiment, the golf ball core is formed 
from a reaction product that includes a cis-to-trans catalyst, 
a resilient polymer component having polybutadiene, a free 
radical source, and optionally, a crosslinking agent, a ?ller, 
or both. Various combinations of polymers, cis-to-trans 
catalysts, ?llers, crosslinkers, and a source of free radicals, 
such as those disclosed in co-pending and co-assigned US. 
patent application Ser. No. 10/ 190,705, entitled “LoW Com 
pression, Resilient Golf Balls With Rubber Core,” ?led Jul. 
9, 2002, the entire disclosure of Which is incorporated by 
reference herein, may be used to form the reaction product. 
Although this polybutadiene reaction product is discussed in 
a section pertaining to core compositions, the present inven 
tion also contemplates the use of the reaction product to 
form at least a portion of any component of a golf ball. 

[0123] Polybutadiene Component 
[0124] To obtain a higher resilience and loWer compres 
sion, a high-molecular Weight polybutadiene With a cis 
isomer content preferably greater than about 40 percent is 
converted to increase the percentage of trans-isomer content 
at any point in the golf ball or portion thereof. In one 
embodiment, the cis-isomer is present in an amount of 
greater than about 70 percent, preferably greater than about 
80 percent, and more preferably greater than about 90 
percent of the total polybutadiene content. In still another 
embodiment, the cis-isomer is present in an amount of 
greater than about 95 percent, and more preferably greater 
than about 96 percent, of the total polybutadiene content. 

[0125] AloW amount of 1,2-polybutadiene isomer (“vinyl 
polybutadiene”) is desired in the initial polybutadiene, and 
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the reaction product. In one embodiment, the vinyl polyb 
utadiene isomer content is less than about 7 percent, pref 
erably less than about 4 percent, and more preferably less 
than about 2 percent. 

[0126] The polybutadiene material may have a molecular 
Weight of greater than about 200,000. In one embodiment, 
the polybutadiene molecular Weight is greater than about 
250,000, and more preferably from about 300,000 to 500, 
000. In another embodiment, the polybutadiene molecular 
Weight is about 400,000 or greater. It is preferred that the 
polydispersity of the material is no greater than about 2, 
more preferably no greater than 1.8, and even more prefer 
ably no greater than 1.6. 

[0127] In one embodiment, the polybutadiene has a 
Mooney viscosity greater than about 20, preferably greater 
than about 30, and more preferably greater than about 40. 
Mooney viscosity is typically measured according to ASTM 
D-1646. In another embodiment, the Mooney viscosity of 
the polybutadiene is greater than about 35, and preferably 
greater than about 50. In one embodiment, the Mooney 
viscosity of the unvulcaniZed polybutadiene is from about 
40 to about 80. In another embodiment, the Mooney vis 
cosity is from about 45 to about 60, more preferably from 
about 45 to about 55. 

[0128] In one embodiment, the center composition 
includes at least one rubber material having a resilience 
index of at least about 40. In another embodiment, the 
resilience index of the at least one rubber material is at least 
about 50. 

[0129] Examples of desirable polybutadiene rubbers 
include BUNA® CB22 and BUNA® CB23, commercially 
available from Bayer of Akron, Ohio; UBEPOL® 360L and 
UBEPOL® 150L, commercially available from UBE Indus 
tries of Tokyo, Japan; and CARIFLEX® BCP820 and 
CARIFLEX® BCP824, commercially available from Shell 
of Houston, Tex. If desired, the polybutadiene can also be 
mixed With other elastomers knoWn in the art such as natural 
rubber, polyisoprene rubber and/or styrene-butadiene rubber 
in order to modify the properties of the core. 

[0130] Catalyst(s) 
[0131] Without being bound by any particular theory, it is 
believed that the cis-to-trans catalyst component, in con 
junction With the free radical source, acts to convert a 
percentage of the polybutadiene polymer component from 
the cis- to the trans-conformation. Thus, the cis-to-trans 
conversion prefereably includes the presence of a cis-to 
trans catalyst, such as an organosulfur or metal-containing 
organosulfur compound, a substituted or unsubstituted aro 
matic organic compound that does not contain sulfur or 
metal, an inorganic sul?de compound, an aromatic organo 
metallic compound, or mixtures thereof. 

[0132] As used herein, “cis-to-trans catalyst” means any 
component or a combination thereof that Will convert at least 
a portion of cis-isomer to trans-isomer at a given tempera 
ture. The cis-to-trans catalyst component may include one or 
more cis-to-trans catalysts described herein, but typically 
includes at least one organosulfur component, a Group VIA 
component, an inorganic sul?de, or a combination thereof. 
In one embodiment, the cis-to-trans catalyst is a blend of an 
organosulfur component and an inorganic sul?de component 
or a Group VIA component. 
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[0133] As used herein When referring to the invention, the 
term “organosulfur compound(s)” or “organosulfur compo 
nent(s),” refers to any compound containing carbon, hydro 
gen, and sulfur. As used herein, the term “sulfur component” 
means a component that is elemental sulfur, polymeric 
sulfur, or a combination thereof. It should be further under 
stood that “elemental sulfur” refers to the ring structure of S8 
and that “polymeric sulfur” is a structure including at least 
one additional sulfur relative to the elemental sulfur. 

[0134] The cis-to-trans catalyst is typically present in an 
amount sufficient to produce the reaction product so as to 
increase the trans-polybutadiene isomer content to contain 
from about 5 percent to 70 percent trans-isomer polybuta 
diene based on the total resilient polymer component. It is 
preferred that the cis-to-trans catalyst is present in an 
amount sufficient to increase the trans-polybutadiene isomer 
content at least about 15 percent, more preferably at least 
about 20 percent, and even more preferably at least about 25 
percent. 

[0135] Therefore, the cis-to-trans catalyst is preferably 
present in an amount from about 0.1 to about 25 parts per 
hundred of the total resilient polymer component. As used 
herein, the term “parts per hundred”, also knoWn as “phr”, 
is de?ned as the number of parts by Weight of a particular 
component present in a mixture, relative to 100 parts by 
Weight of the total polymer component. Mathematically, this 
can be expressed as the Weight of an ingredient divided by 
the total Weight of the polymer, multiplied by a factor of 100. 
In one embodiment, the cis-to-trans catalyst is present in an 
amount from about 0.1 to about 12 phr of the total resilient 
polymer component. In another embodiment, the cis-to 
trans catalyst is present in an amount from about 0.1 to about 
10 phr of the total resilient polymer component. In yet 
another embodiment, the cis-to-trans catalyst is present in an 
amount from about 0.1 to about 8 phr of the total resilient 
polymer component. In still another embodiment, the cis 
to-trans catalyst is present in an amount from about 0.1 to 
about 5 phr of the total resilient polymer component. The 
loWer end of the ranges stated above also may be increased 
if it is determined that 0.1 phr does not provide the desired 
amound of conversion. For instance, the amount of the 
cis-to-trans catalyst is present may be about 0.5 or more, 
0.75 or more, 1.0 or more, or even 1.5 or more. 

[0136] Suitable organosulfur components for use in the 
invention include, but are not limited to, at least one of 
diphenyl disul?de; 4,4‘-ditolyl disul?de; 2,2‘-benZamido 
diphenyl disul?de; bis(2-aminophenyl)disul?de; bis(4-ami 
nophenyl)disul?de; bis(3-aminophenyl)disul?de; 2,2‘-bis(4 
aminonaphthyl)disul?de; 2,2‘-bis(3-aminonaphthyl)disul 
?de; 2,2‘-bis(4-aminonaphthyl)disul?de; 2,2‘-bis(5 - 
aminonaphthyl)disul?de; 2,2‘-bis(6 
aminonaphthyl)disul?de; 2,2‘-bis(7 
aminonaphthyl)disul?de; 2,2‘-bis(8 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(2 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(3 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(3 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(4 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(5 - 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(6 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(7 
aminonaphthyl)disul?de; 1 ,1 ‘-bis(8 
aminonaphthyl)disul?de; 1 ,2‘-diamino-1 ,2‘ 
dithiodinaphthalene; 2,3‘-diamino-1,2‘-dithiodinaphthalene; 
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bis(4-chlorophenyl)disul?de; 
bis(3-chlorophenyl)disul?de; 

bis(2-chlorophenyl)disul?de; 
bis(4-bromophenyl)disul?de; 

bis(2-bromophenyl)disul?de; bis(3-bromophenyl)disul?de; 
bis(4-?uorophenyl)disul?de; bis(4-iodophenyl)disul?de; 
bis(2,5-dichlorophenyl)disul?de; bis(3,5-dichlorophenyl)d 
isul?de; bis(2,4-dichlorophenyl)disul?de; bis(2,6-dichlo 
rophenyl)disul?de; bis(2,5-dibromophenyl)disul?de; bis(3, 
5-dibromophenyl)disul?de; bis(2-chloro-5 
bromophenyl)disul?de; bis(2,4,6-trichlorophenyl)disul?de; 
bis(2,3,4,5,6-pentachlorophenyl)disul?de; bis(4-cyanophe 
nyl)disul?de; bis(2-cyanophenyl)disul?de; bis(4-nitrophe 
nyl)disul?de; bis(2-nitrophenyl)disul?de; 2,2‘-dithiobenZoic 
ethyl; 2,2‘-dithiobenZoic methyl; 2,2‘-dithiobenZoic acid; 
4,4‘-dithiobenZoic ethyl; bis(4-acetylphenyl)disul?de; bis(2 
acetylphenyl)disul?de; bis(4-formylphenyl)disul?de; 
bis(4carbamoylphenyl)disul?de; 1,1‘-dinaphthyl disul?de; 
2,2‘-dinaphthyl disul?de; 1,2‘-dinaphthyl disul?de; 2,2‘ 
bis(1-chlorodinaphthyl)disul?de; 2,2‘-bis(1-bromonaphth 
yl)disul?de; 1,1‘-bis(2-chloronaphthyl)disul?de; 2,2‘-bis(1 
cyanonaphtyl)disul?de; 2,2‘-bis(1-acetylnaphthyl)disul?de; 
and the like; or a mixture thereof. Most preferred organo 
sulfur components include diphenyl disul?de, 4,4‘-ditolyl 
disul?de, or a mixture thereof, especially 4,4‘-ditolyl disul 
?de. 

[0137] In one embodiment, the at least one organosulfur 
component is substantially free of metal. As used herein, the 
term “substantially free of metal” means less than about 10 
Weight percent, preferably less than about 5 Weight percent, 
more preferably less than about 3 Weight percent, even more 
preferably less than about 1 Weight percent, and most 
preferably less than about 0.01 Weight percent. Suitable 
substituted or unsubstituted aromatic organic components 
that do not include sulfur or a metal include, but are not 
limited to, diphenyl acetylene, aZobenZene, or a mixture 
thereof. The aromatic organic group preferably ranges in 
siZe from C6 to C20, and more preferably from C6 to C10. 

[0138] In one embodiment, the organosulfur cis-to-trans 
catalyst is present in the reaction product in an amount from 
about 0.5 phr or greater. In another embodiment, the cis-to 
trans catalyst including a organosulfur component is present 
in the reaction product in an amount from about 0.6 phr or 
greater. In yet another embodiment, the cis-to-trans catalyst 
including a organosulfur component is present in the reac 
tion product in an amount from about 1.0 phr or greater. In 
still another embodiment, the cis-to-trans catalyst including 
a organosulfur component is present in the reaction product 
in an amount from about 2.0 phr or greater. 

[0139] Suitable metal-containing organosulfur compo 
nents include, but are not limited to, cadmium, copper, lead, 
and tellurium analogs of diethyldithiocarbamate, 
diamyldithiocarbamate, and dimethyldithiocarbamate, or 
mixtures thereof. In one embodiment, the metal-containing 
organosulfur cis-to-trans catalyst is present in the reaction 
product in an amount from about 1.0 phr or greater. In 
another embodiment, the cis-to-trans catalyst including a 
Group VIA component is present in the reaction product in 
an amount from about 2.0 phr or greater. In yet another 
embodiment, the cis-to-trans catalyst including a Group VIA 
component is present in the reaction product in an amount 
from about 2.5 phr or greater. In still another embodiment, 
the cis-to-trans catalyst including a Group VIA component 
is present in the reaction product in an amount from about 
3.0 phr or greater. 
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[0140] The organosulfur component may also be an halo 
genated organosulfur compound. Halogenated organosulfur 
compounds include, but are not limited to those having the 
folloWing general formula: 

SH 

R5 R1 

[0141] Where Rl-R5 can be Cl-C8 alkyl groups; halogen 
groups; thiol groups (—SH), carboxylated groups; sul 
fonated groups; and hydrogen; in any order; and also pen 
ta?uorothiophenol; 2-?uorothiophenol; 3-?uorothiophenol; 
4-?uorothiophenol; 2,3-?uorothiophenol; 2,4-?uo 
rothiophenol; 3,4-?uorothiophenol; 3,5-?uorothiophenol 
2,3,4-?uorothiophenol; 3,4,5-?uorothiophenol; 2,3,4,5-tet 
ra?uorothiophenol; 2,3,5,6-tetra?uorothiophenol; 4-chlo 
rotetra?uorothiophenol; pentachlorothiophenol; 2-chlo 
rothiophenol; 3-chlorothiophenol; 4-chlorothiophenol; 2,3 
chlorothiophenol; 2,4-chlorothiophenol; 3,4 
chlorothiophenol; 3,5 -chlorothiophenol; 2,3,4 
chlorothiophenol; 3,4,5 -chlorothiophenol; 2,3,4,5 - 
tetrachlorothiophenol; 2,3,5 ,6-tetrachlorothiophenol; 
pentabromothiophenol; 2-bromothiophenol; 3-bro 
mothiophenol; 4-bromothiophenol; 2,3-bromothiophenol; 
2,4-bromothiophenol; 3,4-bromothiophenol; 3,5 -bro 
mothiophenol; 2,3,4-bromothiophenol; 3,4,5-bro 
mothiophenol; 2,3,4,5-tetrabromothiophenol; 2,3,5,6-tetra 
bromothiophenol; pentaiodothiophenol; 2-iodothiophenol; 
3-iodothiophenol; 4-iodothiophenol; 2,3-iodothiophenol; 
2,4-iodothiophenol; 3,4-iodothiophenol; 3,5-iodothiophe 
nol; 2,3,4-iodothiophenol; 3,4,5-iodothiophenol; 2,3,4,5-tet 
raiodothiophenol; 2,3,5,6-tetraiodothiophenoland; and their 
Zinc salts. Preferably, the halogenated organosulfur com 
pound is pentachlorothiophenol, Which is commercially 
available in neat form or under the tradename STRUK 
TOL®, a clay-based carrier containing the sulfur compound 
pentachlorothiophenol loaded at 45 percent (correlating to 
2.4 parts PCTP). STRUKTOL® is commercially available 
from Struktol Company of America of StoW, Ohio. PCTP is 
commercially available in neat form from eChinachem of 
San Francisco, Calif. and in the salt form from eChinachem 
of San Francisco, Calif. Most preferably, the halogenated 
organosulfur compound is the Zinc salt of pentachlo 
rothiophenol, Which is commercially available from eChin 
achem of San Francisco, Calif. The halogenated organosul 
fur compounds of the present invention are preferably 
present in an amount greater than about 2.2 phr, more 
preferably betWeen about 2.3 phr and about 5 phr, and most 
preferably betWeen about 2.3 and about 4 phr. 

[0142] The cis-to-trans catalyst may also include a Group 
VIA component. As used herein, the terms “Group VIA 
component” or “Group VIA element” mean a component 
that includes a sulfur component, selenium, tellurium, or a 
combination thereof. Elemental sulfur and polymeric sulfur 
are commercially available from, e.g., Elastochem, Inc. of 
Chardon, Ohio. Exemplary sulfur catalyst compounds 
include PB(RM-S)-80 elemental sulfur and PB(CRST)-65 
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polymeric sulfur, each of Which is available from Elas 
tochem, Inc. An exemplary tellurium catalyst under the 
tradename TELLOY and an exemplary selenium catalyst 
under the tradename VAN DEX are each commercially avail 
able from RT Vanderbilt of NorWalk, Conn. 

[0143] In one embodiment, the cis-to-trans catalyst includ 
ing a Group VIA component is present in the reaction 
product in an amount from about 0.25 phr or greater. In 
another embodiment, the cis-to-trans catalyst including a 
Group VIA component is present in the reaction product in 
an amount from about 0.5 phr or greater. In yet another 
embodiment, the cis-to-trans catalyst including a Group VIA 
component is present in the reaction product in an amount 
from about 1.0 phr or greater. 

[0144] Suitable inorganic sul?de components include, but 
are not limited to titanium sul?de, manganese sul?de, and 
sul?de analogs of iron, calcium, cobalt, molybdenum, tung 
sten, copper, selenium, yttrium, Zinc, tin, and bismuth. In 
one embodiment, the cis-to-trans catalyst including an inor 
ganic sul?de component is present in the reaction product in 
an amount from about 0.5 phr or greater. In another embodi 
ment, the cis-to-trans catalyst including a Group VIA com 
ponent is present in the reaction product in an amount from 
about 0.75 phr or greater. In yet another embodiment, the 
cis-to-trans catalyst including a Group VIA component is 
present in the reaction product in an amount from about 1.0 
phr or greater. 

[0145] When a reaction product includes a blend of cis 
to-trans catalysts including an organosulfur component and 
an inorganic sul?de component, the organosulfur compo 
nent is preferably present in an amount from about 0.5 or 
greater, preferably 1.0 or greater, and more preferably about 
1.5 or greater and the inorganic sul?de component is pref 
erably present in an amount from about 0.5 phr or greater, 
preferably 0.75 phr or greater, and more preferably about 1.0 
phr or greater. 

[0146] A substituted or unsubstituted aromatic organic 
compound may also be included in the cis-to-trans catalyst. 
In one embodiment, the aromatic organic compound is 
substantially free of metal. Suitable substituted or unsubsti 
tuted aromatic organic components include, but are not 
limited to, components having the formula (R1)X—R3— 
M—R4—(R2)y, Wherein R1 and R2 are each hydrogen or a 
substituted or unsubstituted CL2O linear, branched, or cyclic 
alkyl, alkoxy, or alkylthio group, or a single, multiple, or 
fused ring C6 to C24 aromatic group; X and y are each an 
integer from 0 to 5; R3 and R4 are each selected from a 
single, multiple, or fused ring C6 to C24 aromatic group; and 
M includes an aZo group or a metal component. R3 and R4 
are each preferably selected from a C6 to C10 aromatic 
group, more preferably selected from phenyl, benZyl, naph 
thyl, benZamido, and benZothiaZyl. R1 and R2 are each 
preferably selected from a substituted or unsubstituted CMO 
linear, branched, or cyclic alkyl, alkoxy, or alkylthio group 
or a C6 to C10 aromatic group. When R1, R2, R3, or R4, are 
substituted, the substitution may include one or more of the 
folloWing substituent groups: hydroxy and metal salts 
thereof; mercapto and metal salts thereof; halogen; amino, 
nitro, cyano, and amido; carboxyl including esters, acids, 
and metal salts thereof; silyl; acrylates and metal salts 
thereof; sulfonyl or sulfonamide; and phosphates and phos 
phites. When M is a metal component, it may be any suitable 
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elemental metal available to those of ordinary skill in the art. 
Typically, the metal Will be a transition metal, although 
preferably it is tellurium or selenium. 

[0147] Free Radical Source(s) 

[0148] Afree-radical source, often alternatively referred to 
as a free-radical initiator, is preferred in the composition and 
method. The free-radical source is typically a peroxide, and 
preferably an organic peroxide, Which decomposes during 
the cure cycle. Suitable free-radical sources include organic 
peroxide compounds, such as di-t-amyl peroxide, di(2-t 
butyl-peroxyisopropyl)benZene peroxide or ot,ot-bis(t-bu 
tylperoxy)diisopropylbenZene, 1,1-bis(t-butylperoxy)-3,3,5 
trimethylcyclohexane or 1,1-di(t-butylperoxy) 3,3,5 
trimethyl cyclohexane, dicumyl peroxide, di-t-butyl 
peroxide, 2,5-di-(t-butylperoxy)-2,5-dimethyl hexane, n-bu 
tyl-4,4-bis(t-butylperoxy)valerate, lauryl peroxide, benZoyl 
peroxide, t-butyl hydroperoxide, and the like, and any mix 
ture thereof. 

[0149] Other examples include, but are not limited to, 
VAROX® 231XL and Varox® DCP-R, commercially avail 
able from Elf Atochem of Philadelphia, Pa.; PERKODOX® 
BC and PERKODOX® 14, commercially available from 
AkZo Nobel of Chicago, Ill.; and ELASTOCHEM® DCP 
70, commercially available from Rhein Chemie of Trenton, 
NJ. 

[0150] It is Well knoWn that peroxides are available in a 
variety of forms having different activity. The activity is 
typically de?ned by the “active oxygen content.” For 
example, PERKODOX® BC peroxide is 98 percent active 
and has an active oxygen content of 5.8 percent, Whereas 
PERKODOX® DCP-70 is 70 percent active and has an 
active oxygen content of 4.18 percent. The peroxide is may 
be present in an amount greater than about 0.1 parts per 
hundred of the total resilient polymer component, preferably 
about 0.1 to 15 parts per hundred of the resilient polymer 
component, and more preferably about 0.2 to 5 parts per 
hundred of the total resilient polymer component. If the 
peroxide is present in pure form, it is preferably present in 
an amount of at least about 0.25 phr, more preferably 
betWeen about 0.35 phr and about 2.5 phr, and most pref 
erably betWeen about 0.5 phr and about 2 phr. Peroxides are 
also available in concentrate form, Which are Well-knoWn to 
have differing activities, as described above. In this case, if 
concentrate peroxides are employed in the present invention, 
one skilled in the art Would knoW that the concentrations 
suitable for pure peroxides are easily adjusted for concen 
trate peroxides by dividing by the activity. For example, 2 
phr of a pure peroxide is equivalent 4 phr of a concentrate 
peroxide that is 50 percent active (i.e., 2 divided by 0.5=4). 

[0151] In one embodiment, the amount of free radical 
source is about 5 phr or less, but also may be about 3 phr or 
less. In another embodiment, the amount of free radical 
source is about 2.5 phr or less. In yet another embodiment, 
the amount of free radical source is about 2 phr or less. In 
still another embodiment, the amount of free radical source 
is about 1 phr or less preferably about 0.75 phr or less. 

[0152] It should be understood by those of ordinary skill 
in the art that the presence of certain cis-to-trans catalysts 
according to the invention be more suited for a larger 
amount of free-radical source, such as the amounts described 
herein, compared to conventional cross-linking reactions. 



US 2003/0096936 A1 

The free radical source may alternatively or additionally be 
one or more of an electron beam, UV or gamma radiation, 
x-rays, or any other high energy radiation source capable of 
generating free radicals. It should be further understood that 
heat often facilitates initiation of the generation of free 
radicals. 

[0153] In one embodiment, the ratio of the free radical 
source to the cis-to-trans catalyst is about 10 or less, but also 
may be about 5 or less. Additionally, the ratio of the free 
radical source to the cis-to-trans catalyst may be from about 
4 or less, but also may be about 2 or less, and also may be 
about 1 or less. In another embodiment, the ratio of the free 
radical source to the cis-to-trans catalyst is about 0.5 or less, 
preferably about 0.4 or less. In yet another embodiment, the 
free radical source cis-to-trans catalyst ratio is greater than 
about 1.0. In still another embodiment, the free radical 
source cis-to-trans catalyst is about 1.5 or greater, preferably 
about 1.75 or greater. 

[0154] Crosslinking Agent(s) 
[0155] Crosslinkers may be included to increase the hard 
ness of the reaction product. Suitable crosslinking agents 
include one or more metallic salts of unsaturated fatty acids 
having 3 to 8 carbon atoms, such as acrylic or methacrylic 
acid, or monocarboxylic acids, such as Zinc, calcium, or 
magnesium acrylate salts, and the like, and mixtures thereof. 
Examples include, but are not limited to, one or more metal 
salt diacrylates, dimethacrylates, and monomethacrylates, 
Wherein the metal is magnesium, calcium, Zinc, aluminum, 
sodium, lithium, or nickel. Preferred acrylates include Zinc 
acrylate, Zinc diacrylate, Zinc methacrylate, Zinc 
dimethacrylate, and mixtures thereof. In one embodiment, 
Zinc methacrylate is used in combination With the Zinc salt 
of pentachlorothiophenol. 

[0156] The crosslinking agent must be present in an 
amount sufficient to crosslink a portion of the chains of 
polymers in the resilient polymer component. For example, 
the desired compression may be obtained by adjusting the 
amount of crosslinking. This may be achieved, for example, 
by altering the type and amount of crosslinking agent, a 
method Well-knoWn to those of ordinary skill in the art. The 
crosslinking agent is typically present in an amount greater 
than about 0.1 percent of the polymer component, preferably 
from about 10 to 50 percent of the polymer component, 
more preferably from about 10 to 40 percent of the polymer 
component. 

[0157] In one embodiment, the crosslinking agent is 
present in an amount greater than about 10 parts per hundred 
(“phr”) parts of the base polymer, preferably from about 20 
to about 40 phr of the base polymer, more preferably from 
about 25 to about 35 phr of the base polymer. 

[0158] When an organosulfur is selected as the cis-to-trans 
catalyst, Zinc diacrylate may be selected as the crosslinking 
agent and is present in an amount of less than about 25 phr. 

[0159] Accelerator(s) 
[0160] It is to be understood that When elemental sulfur or 
polymeric sulfur is included in the cis-to-trans catalyst, an 
accelerator may be used to improve the performance of the 
cis-to-trans catalyst. Suitable accelerators include, but are 
not limited to, sulfenamide, such as N-oxydiethylene 2-ben 
ZothiaZole-sulfenamide, thiaZole, such as benZothiaZyl dis 
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ul?de, dithiocarbamate, such as bismuth dimethyldithiocar 
bamate, thiuram, such as tetrabenZyl thiuram disul?de, 
xanthate, such as Zinc isopropyl xanthate, thiadiaZine, thio 
urea, such as trimethylthiourea, guanadine, such as N,N‘-di 
ortho-tolylguanadine, or aldehyde-amine, such as a butyral 
dehyde-aniline condensation product, or mixtures thereof. 

[0161] Antioxidant 

[0162] Typically, antioxidants are included in conven 
tional golf ball core compositions because antioxidants are 
included in the materials supplied by manufacturers of 
compounds used in golf ball cores. Without being bound to 
any particular theory, higher amounts of antioxidant in the 
reaction product may result in less trans-isomer content 
because the antioxidants consume at least a portion of the 
free radical source. Thus, even With high amounts of the free 
radical source in the reaction product described previously, 
such as for example about 3 phr, an amount of antioxidant 
greater than about 0.3 phr may signi?cantly reduce the 
effective amount of free radicals that are actually available 
to assist in a cis-to-trans conversion. 

[0163] Because it is believed that the presence of antioxi 
dants in the composition may inhibit the ability of free 
radicals to adequately assist in the cis-to-trans conversion, 
one Way to ensure sufficient amounts of free radicals are 
provided for the conversion is to increase the initial levels of 
free radicals present in the composition so that sufficient 
amounts of free radicals remain after interaction With anti 
oxidants in the composition. Thus, the initial amount of free 
radicals provided in the composition may be increased by at 
least about 10 percent, and more preferably are increased by 
at least about 25 percent so that the effective amount of 
remaining free radicals sufficient to adequately provide the 
desired cis-to-trans conversion. Depending on the amount of 
antioxidant present in the composition, the initial amount of 
free radicals may be increased by at least 50 percent, 100 
percent, or an even greater amount as needed. As discussed 
beloW, selection of the amount of free radicals in the 
composition may be determined based on a desired ratio of 
free radicals to antioxidant. Another approach is to reduce 
the levels of or eliminate antioxidants in the composition. 
For instance, the reaction product of the present invention 
may be substantially free of antioxidants, thereby achieving 
greater utiliZation of the free radicals toWard the cis-to-trans 
conversion. As used herein, the term “substantially free” 
generally means that the polybutadiene reaction product 
includes less than about 0.3 phr of antioxidant, preferably 
less than about 0.1 phr of antioxidant, more preferably less 
than about 0.05 phr of antioxidant, and most preferably 
about 0.01 phr or less antioxidant. 

[0164] The amount of antioxidant has been shoWn herein 
to have a relationship With the amount of trans-isomer 
content after conversion. For example, a polybutadiene 
reaction product With 0.5 phr of antioxidant cured at 335° F. 
for 11 minutes results in about 15 percent trans-isomer 
content at an exterior surface of the center and about 13.4 
percent at an interior location after the conversion reaction. 
In contrast, the same polybutadiene reaction product sub 
stantially free of antioxidants results in about 32 percent 
trans-isomer content at an exterior surface and about 21.4 
percent at an interior location after the conversion reaction. 

[0165] In one embodiment, the ratio of the free radical 
source to antioxidant is greater than about 10. In another 










































